The electrical conductivity effect of MgO nanoparticle (MgO-NPs) and electro-catalytic effect of acetylferrocene (AF) was studied for modification of carbon paste electrode (CPE) as a highly sensitive electrochemical sensor for electro-catalytic determination of L-cysteine in the aqueous solution. The AF/MgO-NPs/CPE showed good electro-catalytic activity for analysis of L-cysteine in the concentration range 0.1-700.0 μM with limit of detection 30.0 nM using differential pulse voltammetric method (DPV). In addition, the AF/MgO-NPs/CPE showed two separated oxidation signals with ∆E~170 mV in the solution containing L-cysteine and tryptophan that is sufficient for simulations determination of these amino acids with same oxidation potential at a surface of unmodified electrode.
INTRODUCTION
Modified electro-analytical sensors showed many advantages for analysis of food, drug, biological and environmental electro-active compounds [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The application of conductive mediators to electrochemical analysis of electro-active compounds can be increased the selectivity of analytical system [11] [12] [13] [14] [15] [16] [17] [18] [19] . On the other hand, modification of electro-catalytic sensors (based on EC / mechanism) with nanomaterials can be useful for increasing sensitivity of electro-active compounds analysis [20] [21] [22] [23] [24] . On the other hand, inorganic complexes such as ferrocene derivatives and organic ligands such as catechol derivatives showed good ability for modification of electrodes surface for electro-catalytic interaction with drugs or other biological and environmental compounds for trace level analysis [25] [26] [27] . The variety of voltammetric method for electrochemical investigation and especially for analysis of materials introduced this technique as a powerful method for analysis of food, biological, pharmaceutical and environmental compounds [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] .
L-cysteine is an important semi-essential amino acid and plays a significant role in making glutathione (an essential antioxidant) in the human body [38] . On the other hand, L-cystine is an important thiolic source in the human body and is essential in protein structure. In addition, tryptophan is one of the essential amino acids in the human body and plays an important role in making serotonin. As we know, serotonin is a vital biological compound in the brain and it is necessary for relaxation, promotes feelings of calm, and sleepiness in the human body [39] . Due to important analysis of these amino acids, some analytical methods were suggested for determination of them [40] [41] [42] [43] . In between, electrochemical sensors can be useful for analysis of these amino acids due to L-cysteine and tryptophan are electro-active at a surface of electrodes [44, 45] .
According to the above points and important analysis of L-cysteine and tryptophan, we fabricated an electro-catalytic sensor based on carbon paste electrode modified with AF and MgO nanoparticles for analysis of them. The AF at a surface of AF/MgO-NPs/CPE can be attending in an electro-catalytic interaction with L-cysteine.
Therefore, the oxidation potential of this amino acid transfer to mediator oxidation potential and so overlapping signal of L-cysteine and tryptophan resolved at a surface of AF/MgO-NPs/CPE and simultaneously determination of L-cysteine and tryptophan can be occurred at a surface of this electrode. On the other hand, the AF/MgO-NPs/CPE showed high performance ability for determination of L-cysteine in real samples.
EXPERIMENTAL

2.1.Chemicals and Apparatus
L-cysteine, tryptophan, magnesium nitrate hydrate, acetylferrocene were purchased from Sigma-Aldrich. Also, graphite powder, sodium hydroxide and nujol oil were purchased from Merck. Metrohm (potentiostat/galvanostat) was used for electrochemical investigation. Pt wire, AF/MgONPs/CPE and Ag/AgCl/KCl sat were used as a counter, working and references electrodes, respectively.
Synthesis of MgO nanoparticle
100 mL magnesium nitrate hydrate dropt wise to 100 mL sodium hydroxide solution under magnetic stirring 2 h. The precipitated sample dried at 120 °C for 12 h and calcined at 500 °C for 1.5 h.
Preparation of the electrode
AF/MgO-NPs/CPE was prepared by mixing of 0.01 g of acetylferrocene, 0.1 g of MgO-NPs and 0.89 g of graphite powder in mortar and pestle and hand mixed with suitable amount of nujol oil. A portion of the paste was filled firmly into one glass tube as described above to prepare AF/MgONPs/CPE.
Preparation of real samples
The pharmaceutical serum sample was used for real sample analysis without any pretreatment. Urine samples was prepared according to our previous published procedure and using phosphate buffer pH=7.0 [46, [63] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] . Figure 1 show the SEM image of MgO nanoparticle synthesized by recommended procedure. As can be seen, the MgO nanoparticle synthesized with diameter ~26.89-57.48 nm with spherical shape. This spherical shape with good distribution can be useful for increasing the electrical conductivity of carbon paste electrode after modification with MgO/NPs. Figure 2 A showed cyclic voltammograms of AF/MgO-NPs/CPE in the absence (curve a) and in the presence of 500.0 μM L-cysteine (curve c) with a scan rate of 10 mV/s (pH=7.0). Also, the cyclic voltammograms of 500.0 μM L-cysteine was recorded at a surface of AF/CPE (curve b), MgONPs/CPE (curve d) and CPE (curve e), respectively. A quasi-reversible signal with ∆E=100 mV can be observed for electro-oxidation of AF at a surface of AF/MgO-NPs/CPE. After addition of 500.0 μM Lcysteine, the oxidation signals of mediator increased and reduction signal of AF reduced simultaneously. This phenomenon confirmed an electro-catalytic interaction between AF and Lcysteine with EC / mechanism. As can be seen, the oxidation current of 500.0 μM L-cysteine at a surface of AF/MgO-NPs/CPE is more than its signal at a surface of AF/CPE that can be relative to presence of MgO nanoparticle with good electrical conductivity. In addition, we detected a low oxidation signal for 500.0 μM L-cysteine at a surface of MgO-NPs and CPE. The oxidation current at a MgO-NPs/CPE is more than unmodified CPE electrode that can be relative to the presence of Mgo/NPs. According to the previous reported papers, the nano-materials have high surface area with good electrical conductivity that improves electrical conductivity of oxidation/reduction systems [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] . (Fig. 3 ) [57] [58] [59] [60] . Using slope of Tafel plot ( Figure 4 ) and Tafel equation (2.3RT/n(1-α)F), we obtained the value of α equal to 0.62 which confirmed that the activation free energy curve is not symmetrical for an irreversible electro-oxidation process.
RESULTS AND DISCUSSION
MgO nanoparticle characterization
Electrocatalytic investigation
Chronoamperometric study was used for calculated the diffusion coefficient (D) and rate constant of the catalytic process (k) of L-cysteine at a surface AF/MgO-NPs/CPE at an optimum condition. For the goal, we recorded chronoamperograms of AF/MgO-NPs/CPE in the absence (curve a) and in the presence of 200 μM L-cysteine ( Figure 5A Differential pulse voltammograms of AF/MgO-NPs/CPE in the presence of different concentration of L-cysteine was recorded in the concentration range of 0.1-700 μM (Fig 6) . The detection limit 30.0 nM was obtained for analysis of L-cysteine at a surface of AF/MgO-NPs/CPE. These values of LDR and LOD are comparable and in some cases better than previous electrochemical suggested sensors (see table 2 ). The ability of AF/MgO-NPs/CPE was check for analysis of L-cysteine in the presence of tryptophan as two important amino acids. In addition, 500 fold of methionine, glycine, valine, leucine and isoleucine did not any interference for analysis of 35.0 μM L-cysteine at a surface of AF/MgO-NPs/CPE. This point confirms good selectivity of AF/MgO-NPs/CPE for analysis of L-cysteine.
Determination of L-cysteine in urine and pharmaceutical serum samples was investigated for indicating the ability of the AF/MgO-NPs/CPE to the determination of L-cysteine in real samples. The results are given in Table 2 indicating that the AF/MgO-NPs/CPE has good ability for determination of L-cysteine in real samples.
CONCLUSION
The AF/MgO-NPs/CPE was fabricated a highly selective electrochemical platform for analysis of L-cysteine in the presence of tryptophan in this work. The AF/MgO-NPs/CPE showed good electrocatalytic activity for analysis of L-cysteine in the concentration range 0.1-700.0 μM with limit of detection 30.0 nM. Finally, the AF/MgO-NPs/CPE showed good ability for analysis of L-cysteine in real samples.
